Synthesis of 2,2,5-triphenyl-pent-4-enylamine 4a C)
Syntheses of chiral ligands D) Synthesis of complex [Li(THF) with 2 molecules C 6 D 6 ) G) X-ray crystallography for C H) General procedure for NMR-scale asymmetric intramolecular hydroamination/cyclization of primary amines tethered to 1,2-di-substituted alkenes I)
Procedures for preparative-scale asymmetric intramolecular hydroamination/cyclization of C-(1-But-2-enyl-cyclohexyl)-methylamine 1a 2,2-Diphenyl-hex-4-enylamine 3a 2,2,5-Triphenyl-pent-4-enylamine 4a J)
Determination of the enantiomeric excess values K) HPLC trace of 1c (Table 1 , entry 7) and of the racemic sample L) HPLC trace of 2c (Table 1 , entry 9) and of the racemic sample M) HPLC trace of 3c (Table 1, entries 11 and 14) and of the racemic sample N) HPLC trace of 4c (Table 1 , entries 17 and 20) and of the racemic sample O) 1 H and 13 C NMR spectra of (R)-N 2 ,N 2 '-bis(4-methoxybenzyl)-1,1'-binaphthyl-2,2'-diamine H 2 L 2 P) 1 H and 13 C NMR spectra of (R)-N 2 ,N 2 '-bis(4-chlorobenzyl)-1,1'-binaphthyl-2,2'-diamine H 2 L 3 Q) 1 H and 13 C NMR spectra of (R)-N 2 ,N 2 '-bis(2,4,6-trimethylbenzyl)-1,1'-binaphthyl-2,2'-diamine H 2 L 4 R) 1 H and 13 C NMR spectra of (R)-N 2 ,N 2 '-bis(naphthalen-2-ylmethyl)-1,1'-binaphthyl-2,2'-diamine H 2 L 5 S) 1 H and 13 C NMR spectra of (R)-N 2 ,N 2 '-bis(anthracen-9-ylmethyl)-1,1'-binaphthyl-2,2'-diamine H 2 L 6 T) 1 H and 13 C NMR spectra of in situ generated yttrium complex B by reaction between [Li(THF) were prepared following a reported procedure using crotyl chloride (trans: cis = 85:15) instead of crotyl bromide. All substrates were dried overnight on 4Å molecular sieves with a few drops of d
6
-benzene prior to use. Chemical shifts for 1 H and 13 C spectra were referenced internally according to the residual solvent resonances and reported relative to tetramethylsilane. Infrared spectra were recorded on a Perkin-Elmer FT-IR spectrometer as Nujol mulls or as KBr disks and are reported in cm -1 . Optical rotations are reported as follows: [α] D (c in g per 100 mL in solvent). Mass spectra were recorded on a Finnigan MAT 95 S spectrometer. Elemental analyses were performed by the analytische Laboratorien GMBH in Lindlar, Germany. Enantiomeric excesses of the derivatized products have been determined by HPLC (Thermo Separation Product Spectra Series tsp 100P100/UV100 or Perkin-Elmer Pump Series 200/DAD200).
B) Synthesis of 2,2,5-triphenyl-pent-4-enylamine 4a
To a solution of diisopropylamine (6.2 mL, 44 mmol) in THF (30 mL), n-BuLi (1.6 M in hexanes, 30 mL, 48 mmol) was added dropwise at -20°C and the reaction mixture was stirred at -20°C for two hours. A solution of diphenylacetonitrile (7.2 mL, 37 mmol) in THF (15 mL) was added dropwise at − 20°C and the reaction mixture was stirred for three additional hours. A solution of (E) -cinamylbromide (8.6 g, 44 mmol) in THF (15 mL) was added dropwise at − 20°C and the reaction mixture was allowed to warm up to room temperature overnight. It was hydrolyzed with water (30 mL) and the aqueous phase was extracted with ether (3x30 mL). The combined organic layers were dried (MgSO 4 ), filtered and concentrated in vacuo. The crude product was not isolated but used in the following step without any purification. It was solubilized in ether (15 mL) and added dropwise to a suspension of LiAlH 4 (2 g, 56 mmol) in ether (50 mL) at 0°C. The reaction mixture was allowed to warm up to room temperature for three hours and then hydrolyzed with water until the formation of white hydroxide aluminium salts. The solid was separated from the mixture by filtration. The organic layer was dried (MgSO 4 ), filtered and concentrated. The residue was distilled (225°C, 0.1 mbar) to afford a colorless liquid (5.0 g, 43%). ); IR ν max (cm -1 ) 3378, 3054, 3022, 2933, 2891, 1595, 1577, 1493, 1444, 1429, 1155, 1032, 969 146.4, 137.7, 132.9, 128.6, 128.4, 128.3, 127.2, 126.7, 126.3, 126.2, 52.1, 48.9, 40.5 
C) Syntheses of chiral ligands
General procedure for the synthesis of ligands (R)-H 2 L 2 to (R)-H 2 L 5 : To a solution of (R)-(+)-1,1'-binaphthyl-2,2'-diamine (0.500 g, 1.8.10 -3 mol) in dry toluene (5 mL) were successively added activated 4Å molecular sieves and the corresponding aldehyde (3.9.10 -3 mol) at ambient temperature and under argon. The reaction mixture was next heated at 110°C for 2 to 5 days. After cooling down to room temperature, the reaction mixture was filtered and the solid residue was washed several times with dry toluene. The colored filtrate was concentrated under reduced pressure to afford the crude bis-imine product as an oily residue. To a stirred suspension of lithium aluminium hydride (0.205 g, 5.4.10 -3 mol) in diethyl ether (20 mL) was dropwise added at 0°C and under argon, a suspension of the crude bis-imine product in diethyl ether (20 mL). The reaction mixture was next let warming up to ambient temperature and stirred overnight at the same temperature. Distilled water was added to the reaction mixture at 0°C until the excess of hydride was neutralized. A gas evolution and the formation of a white precipitate were observed. The latter was filtered off through a paper filter and the filtrate was washed 3 times with a saturated aqueous solution of sodium chloride. The combined organic layers were dried over anhydrous magnesium sulphate, filtered and concentrated in vacuo to give a slightly colored solid. 3050, 2929, 2833, 2366, 1615, 1596, 1504, 1424, 1337, 1300, 1246, 1173, 1150, 1101, 1033 144.4, 133.9, 131.8, 129.7, 128.3, 128.1, 127.8, 126.8, 124.0, 122.1, 114.4, 113.9, 112.1, 55.3, 47. ) 3420, 3054, 2920, 1616, 1597, 1510, 1504, 1422, 1336, 1291, 1150, 1090, 810; 1 H NMR (250 MHz, CDCl 3 ) δ H (ppm) 7.95-7.87 (m, 4H), 7.37-7.14 (m, 16H), 4.46 (br s, 4H), 4.37 (br s, 2H); 13 C NMR (62.5 MHz, CDCl 3 ) δ C (ppm) 144.0, 138.5, 133.9, 132.8, 129.9, 128.8, 128.4, 128.3, 128.0, 127.0, 124.0, 122.4, 114.2, 112.3, 47 145.4, 137.6, 137.0, 134.0, 131.9, 129.9, 129.0, 128.2, 128.1, 126.7, 124.0, 122.1, 114.7, 112.7, 43.6, 21.0, 19.3 144.4, 137.5, 134.1, 133.5, 132.8, 129.9, 128.4, 128.0, 127.9, 127.8, 127.0, 126.2, 125.7, 125.4, 125.3, 124.1, 122.3, 114.5, 112.3, 47.9 -3 mol) in xylene (5 mL) was added anthracene-9-carbaldehyde (1.0 g, 5.1.10 -3 mol) at ambient temperature and under argon. The homogeneous reaction mixture was equipped with a Dean-Stark apparatus and next heated at 169°C for 6 days. After cooling down to room temperature, the reaction mixture was filtered and the red-orange solid residue was washed several times with dry xylene and dried under reduced pressure. To a stirred suspension of lithium aluminum hydride (0.500 g, 13.2.10 -3 mol) in THF (50 mL) was portionwise added at 0°C and under argon, the dried red-orange solid residue. The reaction mixture was next let warming up to ambient temperature and stirred overnight at the same temperature. The solvent was concentrated in vacuo and dried diethyl ether was added (50 mL). Distilled water was added to the reaction mixture at 0°C until the excess of hydride was neutralized. The target product was obtained as a yellow suspension in ether. This phase was recovered and DCM was added to give rise to a yellow solution. The combined organic layers were dried over anhydrous magnesium sulphate, filtered and concentrated in vacuo to give a slightly colored solid. Purification by flash chromatography (chloroform) gives a pale yellow solid (1 g, 55% 
D) Synthesis of complex [Li(THF) 4 ][Y(CH 2 SiMe 3 ) 4 ]

5
: In an argon-filled glove-box, to a suspension of YCl 3 (0.387 g, 1.98.10 -3 mol) in dry THF (10 ml) was added a solution of LiCH 2 SiMe 3 (0.745 g, 7.91.10 -3 mol) in THF (3 ml) at room temperature. The reaction mixture was stirred for 40 minutes at room temperature and THF was evaporated in vacuo. The resulting solid was dissolved in dry toluene; the mixture was centrifugated and evaporated in vacuo to give a slightly pale yellow solid (0.536 g, 72%). -3 mol) in C 6 D 6 (2 mL) was portionwise added (R)-H 2 L 0 (18 mg, 0.042.10 -3 mol). As the ligand was slowly added, the clear slightly yellow reaction mixture turned to a deeper yellow/orange colored solution. The homogeneous reaction solution was then allowed to stir 10 min at ambient temperature and transferred to a screw-tap NMR tube for analysis.
1 H NMR (250 MHz, C 6 D 6 ) δ H (ppm) 7.72 (br s, 2H), 7.51 (br s, 2H), 7.42-7.39 (m, 2H), 6.89 (br s, 6H), 4.29 (br s, 2H), 3.33 (s, 16H), 2.51 (br s, 2H), 2.28 (br s, 2H), 1.60 (br s, 12H), 1.31 (s, 16H), 0.27 (s, 18H), 0.00 (s, TMS), −0.96 (br s, 4H); 13 C NMR (62.5 MHz, C 6 D 6 ) δ C (ppm) 133.1, 131.7, 129.1, 127.9, 122.2, 119.4, 119.3, 68.5, 59.3, 36.0, 35.9, 25.8, 25.0, 24.3, 4.8, 0.4 . 0, 152.4, 136.4, 133.6, 133.2, 132.4, 129.1, 129.0, 127.7, 127.5, 127.3, 125.2, 123.1, 122.7, 121.0, 120.7, 118.9, 116.0, 107.9, 68.5, 60.8, 60.2, 36.5, 36.4, 35.9, 35.1, 25.4, 25.3, 24.7, 24.6, 23.8, 8.5, 6.6 H, 7.99; N, 3.70, found: C, 69.00; H, 7.24; N, 3.86. G) X-ray crystallography for C: X-ray diffraction data for C were collected by using a Kappa X8 APPEX II Bruker diffractometer with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å). The temperature of the crystal was maintained at the selected value (100K) by means of a 700 series Cryostream cooling device to within an accuracy of ±1 K. The data were corrected for Lorentz, polarization, and absorption effects. The structures were solved by direct methods using SHELXS-97 6 and refined against F 2 by full-matrix least-squares techniques using SHELXL-97 7 with anisotropic displacement parameters for all non-hydrogen atoms. All H atoms were initially located in difference Fourier maps. The H atoms of the methylene (C5 C6 C43 and C44) groups were subsequently included in the refinement in geometrically idealized positions, with C-H = 0.97 Å, and refined using the riding model with isotropic displacement parameters of Uiso(H) = 1.5Ueq (parent atom). All calculations were performed by using the Crystal Structure crystallographic software package WINGX. 8 The absolute configuration was determined by refining the Flack's 9 parameter using a large ok Friedel's pairs. The drawing of the molecule was realised with the help of ORTEP32.
F) Preparation of [(R)-C
10
Two cyclopentyl groups are disordered over two sites with occupancies 0.71:0.29 for one and 0.5:0.5 for the second. H) General procedure for NMR-scale asymmetric intramolecular hydroamination/cyclization of primary amines tethered to 1,2-di-substituted alkenes: In a glovebox, to a solution of [Li(THF) -3 mol) in C 6 D 6 (2 mL) was portionwise added the corresponding ligand (R)-H 2 L (0.042.10 -3 mol) as a solid. As the ligand was slowly added, the clear slightly yellow reaction mixture turned to a deeper yellow/orange colored solution. The homogeneous reaction solution was then allowed to stir 10 min at ambient temperature and a 670 μL-aliquot of the mixture was taken off by a micropipette and transferred to a vial containing the substrate (0.23.10 -3 mol). The reaction mixture was then introduced into a screw-tap NMR tube or a J. Young-tap NMR tube and placed in an oil bath heated at the required temperature. The conversion of the reaction was monitored by comparative integration of the signal relative to the olefinic protons of the substrate and the signal relative to the protons of the product. After the appropriate time, the reaction was quenched by addition of a small amount of CH 2 Cl 2 . 8, 45.2, 38.7, 37.2, 29.9, 26.4, 24.1, 23.9, 11.9; HRMS (ESI) 3084, 3025, 2923, 2868, 1947, 1736, 1599, 1493, 1446, 1261, 1217, 1093, 1029, 753, 700; 1 H NMR (300 MHz, CDCl 3 ) δ H (ppm) δ 7.24-7.18 (m, 15H), 3.74 (d, J = 11.1 Hz, 1H), 3.61-3.48 (m, 1H), 3.52 (d, J = 11.1 Hz, 1H), 2.91 (dd, J = 6.9 Hz, J = 13.0 Hz, 1H), 2.78-2.70 (m, 2H), 2.21 (dd, J = 9.4 Hz, J = 12.8 Hz, 1H), 1.65 (br s, 1H); 13 C NMR (90 MHz, CDCl 3 ) δ C (ppm) 147.9, 147.0, 140.1, 129.3, 128.6, 128.5, 128.2, 127.3, 127.1, 126.3, 126.2, 59.3, 57.9, 57.1, 45.1, 43.8; 11.8 
I) Procedures
J) Determination of the enantiomeric excess values:
The enantiomeric excess values were determined by HPLC analysis of the derivatized product using a (S,S)-Whelk-O1 column (EtOH/hexane 25/75; 0.9 mL.min -1 , λ 254 nm): Typical procedure of derivatization: To a solution of the corresponding cyclized product (1 equiv.) in CH 2 Cl 2 (4 mL) was added dimethylaminopyridine (0.2 equiv.), triethylamine (2 equiv.) and 1-naphtoyl chloride (1.8 equiv.) (for 1b, 2b) or 2-benzoyl chloride (1.8 equiv.) (for 3b, 4b) at ambient temperature. After stirring for 2 h, a saturated aqueous solution of ammonium chloride (4 mL) was poured into the reaction mixture and the layers were separated. The aqueous layer was extracted with CH 2 Cl 2 (3 x 5 mL). The combined organic layer was then washed with a saturated aqueous solution of ammonium chloride (5 mL), dried over anhydrous magnesium sulphate, filtered and concentrated in vacuo. The crude product was purified by preparative TLC plate (silica gel) (EtOAc/pentane 25/75). Retention times of derivatized products 1-4c: Retention times were compared to racemic standard samples prepared by hydroamination reaction with the racemic ligand H 2 L 1 (prepared from a similar procedure as (R)-H 2 L 1 ), followed by a derivatization reaction as mentioned above.
Retention time Entry
Compound t1 (major) min t2 (minor) min 1 1c 6.6 18.1 2 2c 6.5 15.5 3 3c 6.7 5.9 4 4c 6.6 7.5
